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(54) Receiver comprising a digitally controlled capacitor bank 



(57) Receiver comprising an RF input filter including 
a digitally controlled capacitor bani< (Cb) witii n capaci- 
tors being controlled by a tuning control signal (Vtune) 
for varying the tuning frequency of the RF input filter 
within a tuning range. For an improvement of the receiv- 
er in price/performance ratio the n capacitors of the dig- 
itally controlled capacitor bank (Cb) are monolithicaily 
integrated, whereas the bandwidth of the tuneable RF 
input fitter is being adjusted to the maximum relative 



spread of said capacitors. A continuous tuning control 
signal (Vtune) is being supplied through an analogue to 
digital converter (A/D) to said capacitor banl< (Cb) and 
to a first input of a differential stage (DS), an output of 
the analogue to digital converter (A/D) being coupled 
through a digital to analogue converter (D/A) to a second 
input of a differential stage (DS), an output of the differ- 
ential stage (DS) being coupled to a control temninal of 
a variable capacitance diode (D) being arranged in par- 
allel to the digitally controlled capacitor banic (Cb). 
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Description 

[0001 ] The invention relates to a receiver comprising 
a digitally controlled capacitor bank with n capacitors be- 
ing controlled by a tuning control signal as well as to a 
capacitorbank. A receiver using a digitally controlled ca- 
pacitor bank of this type is known e.g. from US patent 
number 4,138,654. 

[0002] The capacitor bank of the known receiver pro- 
vides a variable capacitance, included in a filter circuit 
and is controlled to incrementally vary the tuning fre- 
quency of the filter and/or the receiver. The use of a ca- 
pacitor bank instead of a single variable capacitance di- 
ode, allows to lower the bias voltage and to avoid the 
need for DC/DC converters. 

[0003] It is an object of the invention to optimise the 
above receiver and/or the capacitor bank used therein, 
in tenns of price/perfomriance ratio and in particular in 
tuning behaviour. 

[0004] Therefore, a receiver comprising a digitally 
controlled capacitor bank with n capacitors being con- 
trolled by a tuning control signal according to the inven- 
tion is characterised in that the n capacitors of the dig- 
itally controlled capacitor bank are monolithically inte- 
grated in planary fomi. 

[0005] The measure according to the invention allows 
for a cost effective IC implementation of the capacitor 
bank and therewith of the complete receiver while using 
a low bias voltage. 

[0006] I n practice, the component values of circuit el- 
ements implemented in planary technology and in par- 
ticular in integrated circuit (IC) technology have absolute 
and relativie spread. Absolute spread is understood to 
be the spread in the actual component values from a 
wanted or average value, whereas relative spread is un- 
derstood to be the spread in the component values of 
the elements relative to each other. Absolute spread is 
mainly caused by variation of the thickness or the com- 
position of planar layers, whereas relative spread Is 
caused by the inhomogenities along the X and Y axes 
of the planar layers. Both types of spread cause the ac- 
tual value of integrated elements to deviate unpredicta- 
bly from a target value, which in particular for relatively 
small values of the capacitance may amount to 30% or 
more. This has prevented sofarto integrate the capac- 
itor bank for use in a receiver tuning circuit. The inven- 
tion, however, is based on the recognition that in the 
above integrated capacitor bank, said spread can be 
prevented from affecting the accuracy of the capaci- 
tance value of the capacitor bank and/or the tuning fre- 
quency. 

[0007] A further object of the invention is to minimise 
the overall spread of the capacitance value of the ca- 
pacitor bank. 

[0008] A preferred embodiment of a receiver accord- 
ing to the invention is therefore characterised by said n 
capacitors providing various capacitance values Includ- 
ing a unity capacitor covering a unity IC surface, wherein 



capacitors having capacitance values smaller than said 
unity capacitor cover respective IC surfaces, which in 
proportion to their value are smaller than said. unity IC 
surface and wherein capacitors having capacitance val- 

5 ues greater than said unity capacitor are being formed 
by clusters of capacitors, each covering an IC surface 
corresponding to said unity IC surface. 
[0009] This measure is based on the recognition that 
the relative spread of an Integrated element, and in par- 

10 ticularan integrated capacitor increases with a decreas- 
ing IC surface thereof, whereas Identical element stnjc- 
tures decreases in relative spread with the square root 
of the multiplicity of application thereof. Said measure 
therewith allows by a proper choice of the unity capacitor 

15 to minimise the total spread in the capacitance value, of 
the capacitor bank. 

[0010] In a preferred embodiment of the invention 
said n capacitors fomn a binary weighted sequence of 
capacitance values ranging from 2'^0 to 2'^{n-1), where- 
to as said unity capacitor is chosen to correspond to a ca- 
pacitance value 2^k, k being larger than 1 and smaller 
than n. 

. [001 1 ] In a ifurther preferred embodiment of the inven- 
tion n is in the order of magnitude of 10, whereas k is 
25 being chosen in a range between 3 and 8. By applying 
this measure optimal use is made of the IC surface de- 
pendent spread of the capacitors to obtain a minimum 
overall spread of the capacitance of the capacitor bank 
at each value within the tuning range. 
30 [0012] Preferably said unity capacitor being chosen 
to define the upper boundary limit of the tuning range in 
compensation parasitic effects. 
[001 3] Furthennore the above composition of capac- 
itors in clusters, of unity capacitors introduces a degree 
35 of freedom in the lay out design to further minimise the 
overall spread in the individual integrated capacitors of 
the capacitor bank. 

[001 4] Another preferred embodiment of the invention 
Is therefore characterised In that said clusters of unity 
^0 capacitors are being surrounded by isolated dummy ca- 
pacitors. This measure allows to compensate for spread 
in the capacitance values of the capacitors due to prox- 
imity effects. 

[0015] To reduce parasitic effects, such receiver is 
45 preferably being characterised in that the capacitors of 
the capacitor bank are structured in lay out to fonn clus- 
ters having minimum parasitic wiring effects. 
[0016] Another object of the invention Is to improve 
and simplify the control of the capacitor bank. 
50 [0017] Therefore, a receiver and/or capacitor bank 
comprising n capacitors being controlled by a (tuning) 
control signal, according to the invention is character- 
ised by an AD converter for converting an analogue tun- 
ing control signal into an m bit binary signal being cou- 
55 pled to a bitnumber conversion device for converting 
said m bit binary signal into an n bit binary signal, m 
being smaller than n, said n bit binary signal including 
bits 1 to N respectively controlling capacitors 1 to n of 
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the capacitor bank. 

[0018] This measure is based on the recognition that 
the number of binary weighted capacitor values neces- 
sary to obtain an appropriate degree of accuracy in tun- 
ing frequencies Is smaller than n, being the number of 5 
binary weighted capacitors of the capacitor bank need- 
ed to cover the tuning range. This measure allows to 
use an analogue tuning control signal fortuning the RF 
input filter and f urthenmore, to simplify the operation and 
implementation of the AD converter while maintaining 
an appropriate degree of accuracy in tuning frequen- 
cies. 

[0019] A preferred embodiment of the invention is 
characterised in that the bitnumber conversion device 
comprises a look up table comprising m*n storage loca- 
tions for storing therein an n bit binary signal for control- 
ling the n capacitors of the integrated digitally controlled 
capacitor bank. 

[0020] The bitnumber conversion device may alterna- 
tively comprise a microprocessor for executing an algo- 
rithm for converting an m bit binary signal into an n bit 
binary signal. 

[0021] Preferably, the bitnumber conversion device 
comprise means for adjusting the dependency of capac- 
itance variation of the integrated digitally controlled ca- 
pacitor bank on the control signal e.g. to effect linear 
dependency between the tuning frequency and said 
control signal. 

[0022] Another object of the invention is to adapt the 
control of the n capacitors of the capacitor bank to the 
actual spread in capacitor values. 
[0023] A preferred embodiment of the Invention is 
therefore characterised by a calibration circuit for meas- 
uring absolute spread in the capacitance values of the 
n capacitors of the integrated capacitor bank being cou- 
pled to the bitnumber conversion device to adapt said 
conversion to compensate for said absolute spread. 
[0024] This measure provides for an elimination of the 
absolute spread from the tuning behaviour of the receiv- 
er and In particular the RF input filter thereof. 
[0025] It is yet another object of the invention to im- 
prove receiver signal selection and processing. 
[0026] An embodiment of a receiver according to the 
invention is therefore characterised by an RF input filter 
comprising a further capacitor bank being controlled by 
a control signal generator comprising means to provide 
parallel tracking of the tuning circuit and the RF filter. 
[0027] Such means may include various look up ta- 
bles each comprising m*n storage locations for storing 
therein the n bit binary signal controlling the n capacitors 
of the integrated digitally controlled capacitor bank, or 
may alternatively Include means to execute an algorithm 
which performs the same task. 
[0028] Another object of the invention is to avoid the 
discrete - or step wise - capacitance variation of the ca- 
pacitor bank from becoming critical in some specific ap- 
plications thereof. In particular when being applied in 
phase locked loops. 



[0029] Therefore, a preferred embodiment of a receiv- 
er according to the invention Is being characterised by 
a phase locked loop comprising a controllable oscillator, 
a continuous tuning control signal being supplied 
through an analogue to digital (AD) converterto said ca- 
pacitor bank and to a first input of a differential stage, 
an output of the AD converter being coupled through a 
digital to analogue (DA) converter to a second input of 
a differential stage, an output of the differential stage 
being coupled to a control terminal of a variable capac- 
itance diode being arranged in parallel to the capacitor 
bank. 

[0030] This measure prevents the phase locked loop 

from repeated switching between two settings of the dig- 
itally controlled capacitor bank. 
[0031 ] A variable capacitance device according to the 
invention for use in the lastmentioned receiver is char- 
acterised by a continuous tuning control signal being 
supplied through an analogue to digital (AD) converter 
to a further capacitor bank and to a first input of a differ- 
ential stage, an output of the AD converter being cou- 
pled through a digital to analogue (DA) converter to a 
second input of a differential stage, an output of the dif- 
ferential stage being coupled to a control temriinal of a 
variable capacitance diode being arranged in parallel to 
the digitally controlled capacitor bank. 
[0032] By applying these measures according to the 
invention, operation of the digitally controlled capacitor, 
bank within a control range requires a much lower sup- 
ply voltage than conventional variable capacitance di- 
odes, whereas the variable capacitance diode included 
In the variable capacitance device according to the in- 
vention only needs to vary within a range corresponding 
to only one stepwidth of the capacitance increments of 
the digitally controlled capacitor bank. 
[0033] Preferably, the capacitance variation range of 
the variable capacitance diode Is chosen to con^espond 
to the capacitance variation stepwidth of the capacitor 
bank at an incremental change of the output signal of 
the AD converter. 

[0034] In a preferred embodiment of the Invention, 
amplification means are used to adapt the difference be- 
tween the original analogue control signal on the one 
hand and the digitised analogue control signal for the 
capacitor bank on the other hand to the available capac- 
itance control range of the variable capacitance diode. 
[0035] A further preferred embodiment of the inven- 
tion allowing linear control of the variable capacitance 
diode within its capacitance variation range is charac- 
terised by the continuous control signal being supplied 
through said control input to a gain control Input of the 
amplification means. 

[0036] Another preferred embodiment of a variable 
capacitance device according to the invention, in which 
the effect of spread Is further minimised, is character- 
ised by Including in a common housing first and second 
look up tables a common input thereof being supplied 
with a tuning control signal and outputs thereof being 
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coupled to first and second monolithlcally integrated dig- 
itally controlled capacitor banks for the use thereof in 
first and second filter circuits, respectively, the first and 
second look up tables providing for parallel filter track- 
ing. 

[0037] The foregoing and other objects and advantag- 
es of the present invention will become more readily ap- 
parent from the following description of preferred em- 
bodiments, as taken in conjunction with the accompa- 
nying drawings, which are a part hereof and wherein: 

Figure 1 A Is a functional diagram of a monplithically 
integrated digitally controlled capacitor bank ac- 
cording to the invention; 

Figure 1 B is a block diagram of a first preferred em- 
bodiment of a variable capacitance device accord- 
ing to the invention as part of an LC circuit; 
Figure 2 Is a block diagram of a first preferred em- 
bodiment of a receiver according to the invention ; 
Figure 3 is an IC lay out structure used in the imple- 
mentation of the monolith ically Integrated digitally 
controlled capacitor bank of Figure 1 A; 
Figure 4 is a block diagram of the front end of a sec- 
ond preferred embodiment of a receiver according 
to the invention using a PLL; 
Figure 5 is a signal plot showing the capacitance 
variation within a control range of an ideal capacitor 
bank having 2^3 = 8 discrete capacitance value set- 
tings using 3 capacitors without spread; 
Figure 6 is a signal plot showing the capacitance 
variation within a control range of a monolithically 
integrated digitally controlled capacitor bank having 
2^3 = '8 discrete capacitance value settings using 
first to third capacitors, the second capacitor having 
30% spread; 

Figure 7 a block diagram of a second preferred em- 
bodiment of a variable capacitance device accord- 
ing to the invention for use in tracked filters; 
Figure 8 a signal plot showing the capacitance ver- 
sus voltage characteristic of a conventional variable 
capacitance diode. 

[0038] Figure 1A shows a functional diagram of a 
monolithically integrated digitally controlled capacitor 
bank capacitor bank Cb according to the invention com- 
prising n=1 0 capacitors C0-C9 forming a binary weight- 
ed sequence of values 2'^0 to 2'^9, which can be individ- 
ually switched through respective switches S0-S9 be- 
tween first and second temrilnals t1 and t2 under control 
of a digital 10 bit word. A trimmer capacitor Ct is con- 
nected in parallel to the capacitors C0-C9 between the 
first and second terminals t1 and t2. The trimmer capac- 
itor Ct is to compensate for the unpredictable parasitic 
capacitances (inherent to the IC implementation and e. 
g. caused by bondings) and to bring the total capaci- 
tance occurring across the capacitor bank to a prede- 
temniried fixed value Cfix. In practice this fixed value Cfix 
is kept as small as possible. An inductor L is coupled in 



parallel between said first and second temriinals t1 and 
t2 to fomfi with the capacitors C0-C9 an LC tuning circuit 
being controlled In its tuning frequency over a certain 
frequency range, for example the AM radio broadcast 

5 frequency band ranging from 500 to 1 500 Khz. Although 
in this example, 1 0 bits are actually required to cover 
the full tuning frequency range, the relative spread in 
component values of the capacitors C0-C9 cause the 
number of essential information canving bits to be lim- 

10 ited to at most 7 bits only. The accuracy in capacitance 
value obtainable with 7 bits amounts to approximately 
1%, which more or less conforms to the accuracy ob- 
tainable In an integrated Implementation. For small ca- 
pacitance values the three most significant bits are al- 

15 ways zero, i.e. switches S7-S9 are always open, where- 
as for large capacitance values the three least signifi- 
cant bits are always irrelevant as their value is less than 
said 1 % spread. A 7 bits word can be used according to 
the invention to vary the capacitance of a capacitor bank 

20 with 1 0 capacitors within a receiver tuning range, by ap- 
plying bit number conversion means to convert said 7 
bits tuning control signal into a 1 0 bits tuning control sig- 
nal for the capacitor bank. This allows to use a 7 bits AD 
converter for an analogue to digital conversion of a con- 

25 tinuous tuning control signal. 

[0039] The bit conversion can be carried out dynam- 
ically by using a trial and en^or calculation scheme. The 
bit conversion can alternatively be read out from a look 
up table in the given example using 1 0 bits read only 

30 memories addressed by the 7 bit words of the digital tun- 
ing control voltage. In addition to bit number conversion 
the look up table may also comprise data to provide for 
compensation of or for adjusting the dependency of ca- 
pacitance variation of the digitally controlled capacitor 

35 bank on the tuning control signal to effect a linear de- 
pendency of the tuning frequency of the LC tuning circuit 
on said tuning control signal. 

[0040] The function of such look up table will be ex- 
plained in more detail with reference to Figure 7. 

40 [0041] Figure 1 B is a block diagram of a prefen-ed 
embodiment of a variable capacitance device Cv ac- 
cording to the invention for use in a receiver in which 
elements corresponding to the elements shown In Fig- 
ure 1 A are provided with same reference numerals. The 

45 variablexapacitance device Cv comprises a capacitor 
bank Cb coupled between first and second temiinals t1 
and t2 and connected in parallel to an inductor L to form 
an LC tuning circuit. The variable capacitance device 
Cv comprises a control input I being supplied with a con- 

50 tinuous control signal to vary the capacitance of Cv and 
therewith the tuning frequency of the LC tuning circuit, 
this control signal hereinafter also being referred to as 
tuning control signal Vtune. The control input I is coupled 
through an analogue to digital converter AD to a control 

55 input of a digitally controlled capacitor bank Cb as well 
as to a first input of a differential stage DS. An output of 
the analogue to digital converter AD is coupled through 
a digital to analogue converter DA to a second input of 
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the differential stage DS. An output of the differential 
stage DS is coupled through amplification means AMP 
to a control temiinal td of a variable capacitance diode 
D at the common connection between a serial arrange- 
ment of said variable capacitance diode D and a block- 
ing capacitor C. This serial arrangement is coupled in 
parallel to the capacitor bank Cb between said between 
first and second terminals t1 and t2. The amplification 
means AlVIP amplifies the output signal of the differential 
stage DS, i.e. the mutual difference of the signals at the 
first and second input of said differential stage DS - here- 
inafter also being referred to as discretion difference - 
to adapt the same to the available capacitance variation 
range of the variable capacitance diode D. Furthermore 
by varying the gain of the amplification means AMP de- 
pendent on the tuning control voltage Vtune, a compen- 
sation of the non-linear tuning control voltage depend- 
ent capacitance variation of the diode D is obtained. As 
can be seen from the capacitance versus voltage char- 
acteristic of a conventional variable capacitance diode 
as shown in Figure 8, the stope of said characteristic 
decreases strongly with an increasing tuning control 
voltage. By increasing the above gain of the amplifica- 
tion means AMP with an increasing tuning control volt- 
age, the control of the capacitance of the diode D can 
be made more linear therewith increasing the control ac- 
curacy. 

[0042] To provide a continuously varying capacitance 
value at a likewise varying tuning control voltage Vtune 
at the input I, the capacitance variation range of the var- 
iable capacitance diode D should at least correspond to 
the capacitance variation stepwidth of the capacitor 
bank Cb at an Incremental change of the output signal 
of the AD converter. The capacitance variation range of 
the variable capacitance diode D is chosen in such a 
way that it covers safely, even in situations with the worst 
case process spread, the incremental capacitance var- 
iation stepwidth of the capacitor bank. However, to pre- 
vent the occurrence of glitching of the capacitance value 
of the capacitor bank when being varied, the capaci- 
tance variation range of the variable capacitance diode 
D is preferably chosen to be somewhat smaller, in prac- 
tise approximately 1 0%) of the incremental capacitance 
variation stepwidth of the capacitor bank. 
[0043] The variable capacitance device Cv according 
to the invention as a whole is very well suitable to be 
substituted for any single conventional variable capaci- 
tance diode and functions properly at supply voltages 
substantially lower than the supply voltage needed for 
such conventional variable capacitance diodes. This 
eliminates the need for DC-DC voltage converters In re- 
ceivers with low bias voltage. In the absence of require- 
ments to provide a continuously varying capacitance 
value at a likewise varying tuning control voltage, the 
use of a single capacitor bank, such as the capacitor 
bank Cb, as substitute for a conventional variable ca- 
pacitance diode, may suffice. The variable capacitance 
device Cv according to the invention, however, fully 



meets said requirements, and its field of use includes 
all types of tuneable fitters, whether or not being part of 
a tuning circuit and/or loop circuit, such as e.g. phase 
or frequency locked loops. 
5 [0044] The capacitance variation of the variable ca- 
pacitance device Cv according to the invention as 
shown in Figure IB including an Ideal capacitor bank 
with n=3 is given in Figure 5. Such ideal capacitor bank 
includes 3 capacitors without spread and has 2^3 = 8 
10 discrete capacitance settings. The capacitance varia- 
tion range of the diode D is chosen to correspond to the 
capacitance variation stepwidth of the capacitor bank at 
an incremental change of the output signal of the AD 
converter. Curve cb of Figure 5 shows the capacitance 
15 of the ideal capacitor bank Cb, whereas curve cv of this 
Figure 5 is showing the total capacitance of the variable 
capacitance device Cv. For each value of the tuning con- 
trol input signal, the variable capacitance device Cv hav- 
ing an ideal capacitor bank Cb defines a certain capac- 
itance value. 

[0045] The capacitance variation of a variable capac- 
itance device Cv according to the invention as shown in 
Figure 1B in a practical implementation in integrated 
fomn, including a non-ideal capacitor bank with n=3 is 
given in Figure 6. This non-ideal capacitor bank has 2'^3 
= 8 discrete capacitance settings and includes first to 
third capacitors C1-C3, in which C2=1.3 * C1*2 and in 
which C3 = 4 * C1 . C2 shows a value spread of 30%, . 
The capacitance variation range of the diode D is cho- 
sen to cover the capacitance variation stepwidth of the 
capacitor bank at an Incremental change of the output 
signal of the AD converter. The capacitance variation 
range of the diode D therewith corresponds to the ca- 
pacitance variation stepwidth of the capacitor bank at 
said incremental change of the output signal of the AD 
converter. Curve cb of this Figure 6 shows the capaci- 
tance of the non-ideal capacitor bank Cb, whereas curve 
cv is showing the total capacitance of the variable ca- 
pacitance device Cv. Also here the variable capacitance 
device Cv defines a capacitance value for each value of 
the tuning control input signal. This allows to use the 
variable capacitance device Cv according to the inven- 
tion as shown in Figure 1 B in phase locked loops as will 
be explained in more detail with reference to Figure 4. 
[0046] Figure 7 shows a block diagram of a second 
preferred embodiment of a variable capacitance devtee 
according to the invention comprising a tuning control 
signal generator CSG being supplied with a tuning con- 
trol signal. The tuning control signal can be a continuous 
signal, in which event the tuning control signal generator 
CSG includes an analogue to digital converter, or the 
tuning control signal can be a digital signal, in which 
eventthe tuning control signal generator CSG may com- 
prise digital signal processing means and may eventu- 
ally be dispensed with. The tuning control signal gener- 
ator CSG supplies an m-bit digital tuning control voltage 
to Inputs of first and second look up tables LU1 and LU2. 
These first and second look up tables LU1 and LU2 each 
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comprise m*n storage locations for storing therein re- 
spective first and second n bit binary signals which are 
supplied to n capacitors of first and second capacitor 
banks Cbl and Cb2, n being larger than nn. The first and 
second capacitor banks Cb1 and Cb2 are monollthlcally 
implemented to reduce the absolute spread and may be 
commonly mounted in a single housing. The first and 
second look up tables include, apart from bit number 
conversion data also data providing parallel tracking of 
filters, in which the first and second capacitor banks Cbl 
and Cb2 are used as tuneable capacitance devices. De- 
pendent on the frequency difference between such 
tracked filters, parallel tracking may require the capaci- 
tance of the first capacitor bank Cbl to vary at a exactly 
predictable (calculable) difference from the capacitance 
of the second capacitor bank Cb2 with a certain variation 
of the n-bit digital tuning control signal. This capacitance 
difference is to be taken into account in the generation 
of the first and second n-bIt digital signals. The Imple- 
mentation thereof lies within the normal ability of a per- 
son skilled in the art and shall therefore not be described 
In further detail.. 

[0047] An application of such a variable capacitance 
device in a first preferred embodiment of a receiver ac- 
cording to the Invention is shown in Figure 2. The re- 
ceiver shown includes an RF input filter comprising a 
first parallel LC circuit LI Cbl, formed by an antenna 
ANT functioning as an inductor LI and the above first 
variable capacitor bank Cbl . The RF input filter is cou- 
pled to a mixer stage M for converting an RF signal being 
selected by the RF input filter RF into an IF signal, which 
IF signal is being processed in known manner into au- 
dible signal in signal processing means P. The mixer 
stage M is supplied with a local oscillator signal being 
generated by a tuneable oscillator OSC comprising a 
second tuneable LC circuit L2Cb2 comprising an induc- 
tor L2 in parallel with the above second tuneable capac- 
itor bank Cb2. The controllable capacitor banks Cbl and 
Cb2 are being provided with first and second n-bit digital 
control signals from respectively said first and second 
look up tables LU1 and LU2. The frequency of the local 
oscillator OSC deviates over the IF frequency from the 
carrier frequency of the wanted RF signal. For a correct 
tuning to a wanted RF signal within the receiver tuning 
range, the second tuneable LC circuit L2Cb2 should 
track the first parallel LC circuit L1 Cbl within the receiv- 
er tuning range over a constant frequency difference 
corresponding to the IF frequency This Is achieved with 
a proper adaptation of the above first and second n-bit 
digital control signal for the first and second capacitor 
banks Cb1 and Cb2. 

[0048] Figure 4 shows an application of a variable ca- 
pacitance device Cv as shown in Figure 1 B in an RF 
Input filter and an LC tuning circuit of a second preferred 
embodiment of a receiver according to the invention. In 
contrast to the receiver of Figure 2, the receiver shown 
here comprises a phase locked loop (PLL), which In- 
cludes the tuneable local oscillator OSC. An output of 



the local oscillator OSC is compared with a reference 
frequency derived from the oscillation frequency of a 
crystal oscillator XO in a phase detector of the PLL. 
Such PLL functions property only If within the LC tuning 
5 circuit a capacitance value Is defined for each frequency 
with i n the tu nl ng range. The absence of capacitance val- 
ues, which may occur when using a capacitor bank only 
without a variable capacitance diode, may give rise to 
repeatedly switching of the capacitor bank between two 
10 capacitance settings. 

[0049] The LC RF input filter comprises a first parallel 
LC circuit LI Cvl , fomied by an antenna ANT functioning 
as an Inductor L1 and a first variable capacitance device 
Cv1 according to the invention. The RF input filter is cou- 
15 pled to a mixer stage M for converting an RF signal being 
selected by the RF input filter RF into an IF signal, which 
IF signal is being processed in known manner into au- 
dible signal in signal processing means P. The mixer 
stage M is supplied with a local oscillator signal being 
20 generated by a tuneable oscillator OSC comprising a 
second tuneable LC circuit L2Cv2 comprising an Induc- 
tor L2 in parallel with a second variable capacitance de- 
vice Cv2 according to the Invention. The first and second 
capacitor banks of the first and second variable capac- 
25 itance device Cv1 respectively Cv2 include respectively 
first and second look up tables LU1 and LU2 (not 
shown). The frequency of the local oscillator OSC devi- 
ates over the IF frequency from the carrier frequency of 
the wanted RF signal. For a correct tuning to a wanted 
30 RF signal within the receiver tuning range, the second 
tuneable LC circuit L2Cv2 should track the first parallel 
LC circuit L1Cv1 within the receiver tuning range over 
a constant frequency difference corresponding to the IF 
frequency This is achieved with a proper adaptation of 
35 the above first and second n-bit digital control signal for 
the first and second capacitor banks Cbl and Cb2 of the 
first and second variable capacitance device Cvl and 
Cv2 according to the invention. 
[0050] Figure 3 shows an IC lay out structure used in 
40 the implementation of the monolithically integrated dig- 
itally controlled capacitor bank of Figures 1 A and Figure 
IB with n capacitors forming a binary weighted se- 
quence of values. The integrated n capacitors may be 
based on the use of oxyde layers or p-n junctions, both 
45 technologies being understood to be planary. The 
blocks indicated by numbers each represent a unity ca- 
pacitor covering a unity IC surface. Among the n capac- 
itors is a unity capacitor being indicated by a single 
block, identified with the reference numeral 1 and cov- 
50 ering a single unity IC surface. Capacitors smaller than 
said unity capacitor 1 are being indicated by blocks A, 
B and C. These capacitors cover respective IC surfaces, 
which in proportion to their value are smaller than said 
unity IC surface, hereinafter also indicated as scaled ca- 
55 pacitors. The capacitors greater than said unity capac- 
itor are being formed by clusters of a binary weighted 
number of unity capacitors referred to by blocks with ref- 
erence numerals: 2, 4, 8, 16, 32 and 64. The unity ca- 
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pacitors of the clusters are being surrounded by isolated 
dummy unity capacitors to provide for a compensation 
In tiie tack of neighbouring capacitors on the outer 
boundaries of the respective clusters, therewith obtain- 
ing a further minimisation In the relative spread of the 
various capacitors. Furthennore, the clusters are struc- 
tured In lay out to minimise parasitic wiring effects. 
[0051] In a practical embodiment the total spread in 
the capacitance value of the unity capacitor Is 1%. 
Therewith all capacitors larger than the unity capacitor 
have a total spread in their capacitance value of 1%. 
Capacitors smaller than the unity capacitor, i.e. capaci- 
tors A-C, show a much larger procentual spread in their 
capacitance value, however, these capacitors are only 
used In combination with the unity capacitor and/or one 
or more capacitors larger than the unity capacitor. This 
minimises the effect of the larger spread in the capaci- 
tance value of said capacitors A-C on the overall capac- 
itance of the capacitor bank at each value within the con- 
trol or tuning range. 

[0052] Preferably, the n capacitors of the capacitor 
bank are chosen to form a binary weighted sequence of 
capacitance values ranging from 2'^0 to 2'^(n-1), where- 
as said unity capacitor is chosen to correspond to a ca- 
pacitance value 2^, k being larger than 1 and smaller 
than n. In a practical embodiment, in which n was in the 
order of magnitude of 10, an appropriate low spread in 
the capacitance value of the capacitor bank within its 
control range is obtained with k being chosen in a range 
between 3 and 8. 

[0053] The value of the unity capacitor may also be 
chosen to define together with the above Cf ix the upper 
boundary limit of the tuning range. 
[0054] The smallest capacitor C in the capacitor bank 
Cb of Figure 3 is chosen to define the tuning stepwidth. 
In a practical embodiment the unity capacitor is chosen 
at a capacitance value of 13,6 pF and the smallest ca- 
pacitor C of the capacitor bank at a capacitance value 
of 1 .7 pF, 

[0055] While the present Invention has been illustrat- 
ed and described with respect to some specific embod- 
iments thereof, it is to be understood that the present 
invention is by no means limited thereto, but encom- 
passes ail changes and modifications which will become 
possible within the scope of the appended claims. It is 
therefore possible to also use the invention when apply- 
ing the various measures according to the Invention 
separately and mutually independent from each other. 
For example, it is very well possible to apply the meas- 
ure to use of scaled capacitors in combination with clus- 
ters of unity capacitors, the measure to use a bitnumber 
conversion device and the measure to apply a variable 
capacitance diode in parallel to a capacitor bank sepa- 
rately or in any mutual combination, other than shown 
in the drawing. 



Claims 

1 . Receiver comprising a tuning circuit including a dig- 
itally controlled capacitor bank with n capacitors be- 
5 ing controlled by a tuning control signal, character- 
ised In that the n capacitors of the digitally control- 
led capacitor bank are monolithically integrated in 
planary fonn. 

10 2. Receiver according to claim 1, characterised by 
said n capacitors providing various capacitance val- 
ues including a unity capacitor covering a unity IC 
surface, wherein capacitors having capacitance 
values smaller than said unity capacitor cover re- 

15 spective IC surfaces, which in proportion to their 
value are smaller than said unity IC surface and 
wherein capacitors having capacitance values 
greater than said unity capacitor are being fomfied 
by clusters of capacitors, each covering an IC sur- 

20 face corresponding to said unity IC surface. 

3. Receiver according to claim 2, characterised by 
said n capacitors forming a binary weighted se- 
quence of capacitance values ranging from 2^ to 

25 2'^(n-1 ), said unity capacitor corresponding to a ca- 
pacitance value 2^k, k being chosen larger than 1 
and smaller than n. 

4. Receiver according to claim 3, characterised by n 
30 being in the order of magnitude of 10 and k being 

chosen in a range between 3 and 8. 

5. Receiver according to claim 3 or 4, characterised 

by said unity capacitor being chosen to define the 
35 upper boundary limit of the tuning range, 

6. Receiver according to one of claims 2 to 5, charac- 
terised in that said clusters of unity capacitors are 
being surrounded by isolated dummy capacitors. 

40 

7. Receiver according to one of claims 2 to 6, charac- 
terised in that the said clusters of capacitors are 
structured in lay out to minimise parasitic wiring ef- 
fects. 

45 

8. Receiver according to one of claims 1 to 7, charac- 
terised by an AD converter for converting an ana- 
logue tuning control signal Into an m bit binary signal 
being coupled to a bitnumber conversion device for 

50 converting said m bit binary signal into an n bit bi- 
nary signal, m being smaller than n, said n bit binary 
signal including bits 1 to N respectively controlling 
capacitors 1 to n of the capacitor bank. 

55 9. Receiver according to claim 8, characterised in 
that the bitnumber conversion device comprise 
means for linearising the dependency of capaci- 
tance variation of the integrated digitally controlled 
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capacitor bank on the tuning controi signai. gain control input of the amplification means. 



10. Receiver according to claim 8 or 9, characterised 
in that the brtnumber conversion device comprises 
a lool< up table comprising m*n storage locations for 
storing therein the n bit binary signal controlling the 
n capacitors of the integrated digitally controlled ca- 
pacitor bank as a function of said m bit binary signal. 

11. Receiver according to claim 10, characterised in 
that the bitnumber conversion device comprises 
various look up tables each comprising m*n storage 
locations for storing therein the n bit binary signal 
controlling the n capacitors of the integrated digitally 
controlled capacitor bank. 

12. Receiver according to claim 8 or 9, characterised 
in that the brtnumber conversion device comprises 
a microprocessor for executing an algorithm for 
converting an m bit binary signal into an n bit binary 
signal. 

13. Receiver according to one of claims 8 to 12, char- 
acterised by a calibration circuit for measuring ab- 
solute spread in the capacitance values of the n ca- 
pacitors of the integrated digitally controlled capac- 
itor bank being coupled to the bitnumber conversion 
device to adapt said conversion to compensate for 
said absolute spread. 

14. Receiver according to one of claims 1 to 13, char- 
acterised by a phase locked loop comprising a con- 
trollable oscillator, a continuous tuning control sig- 
nal being supplied through an analogue to digital 
(AD) converter to said capacitor bank and to a first 
input of a differential stage, an output of the AD con- 
verter being coupled through a digital to analogue 
(DA) converter to a second input of a differential 
stage, an output of the differential stage being cou- 
pled to a control tenninal of a variable capacitance 
diode being arranged in parallel to the capacitor 
bank. 

15. Receiver according to claim 14, characterised in 
that the capacitance variation range of the variable 
capacitance diode corresponds at least to the ca- 
pacitance variation stepwidth of the capacitor bank 
at an Incremental change of the output signal of the 
AD converter. 

18. Receiver according to claim 14 or 15, character- 
ised by amplification means preceding the control 
terminal of said variable capacitance diode for am- 
plifying the mutual difference of the signals at the 
first and second input of the differential stage. 

17. Receiver according to claim 16, characterised by 
an output of the AD converter being coupled to a 



18. Receiver according to one of claims 1 to 17, char- 
acterised by an RF input filter comprising a further 

s capacitor bank being controlled by a control signal 
generator comprising means to provide parallel 
tracking of the tuning circuit and the RF filter. 

19. Variable capacitance device comprising a digitally 
10 controlled capacitor bank with n capacitors being 

controlled by a control signal for varying the capac- 
itance of the capacitor bank, characterised in that 
the n capacitors of the digitally controlled capacitor 
bank are monollthically Integrated in plenary fomi. 

15 

20. Variable capacitance device according to claim 19, 
characterised by said n capacitors providing vari- 
ous capacitance values Including a unity capacitor 
covering a unity IC surface, wherein capacitors hav- 

20 ing capacitance values smaller than said unity ca- 
pacitor cover respective IC surfaces, which in pro- 
portion to their value are smaller than said unity IC 
surface and wherein capacitors having capacitance 
values greater than said unity capacitor are being 

25 fonned by clusters of capacitors, each covering an 
IC surface corresponding to said unity IC surface. 

21 . Variable capacitance device according to claim 20, 
characterised by said n capacitors forming a bina- 

30 ry weighted sequence of capacitance values rang- 
ing from 2^ to 2'^(n-1), said unity capacitor corre- 
sponding to a capacitance value 2^k, k being cho- 
sen larger than 1 and smaller than n. 

35 22. Variable capacitance device according to claim 21 , 
characterised by n being in the order of magnitude 
of 1 0 and k being chosen in a range between 3 and 
8. 

^0 23. Variable capacitance device according to claim 21 
or 22, characterised by said unity capacitor being 
chosen to define the upper boundary limit of the 
control range. 

^5 24. Variable capacitance device according to one of 
claims 20 to 23, characterised In that said clusters 
of unity capacitors are being surrounded by isolated 
dummy capacitors. 

so 25. Variable capacitance device according to one of 
claims 20 to 24, characterised In that the said clus- 
ters of capacitors are structured in lay out to mini- 
mise parasitic wiring effects. 

55 26. Variable capacitance device according to one of 
claims 1 9 to 25, characterised by an AD converter 
for converting an analogue control signal Into an m 
bit binary signal being coupled to a brtnumber con- 
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version device for converting said m bit binary sig- 
nal into an n bit binaty signal, m being smaller than 
n, said n bit binary signal Including bits 1 to N re- 
spectively controlling capacitors 1 to n of the capac- 
itor bank. 

27. Variable capacitance device according to claim 26, 
characterised In that the bitnumber conversion 

device comprise means for linearising the depend- 
ency of capacitance variation of the integrated dig- 
itally controlled capacitor bank on the control signal. 

28. Variable capacitance device according to claim 26 
or 27, characterised in that the bitnumber conver- 
sion device comprises a look up table comprising 
m*n storage locations for storing therein the n bit 
binary signal controlling the n capacitors of the in- 
tegrated digitally controlled capacitor bank as a 
function of said m bit binary signal. 

29. Variable capacitance device according to claim 28, 
characterised in that the bitnumber conversion 
device comprises various look up tables each com- 
prising m*n storage locations for storing therein the 
n bit binary signal controlling the n capacitors of the 
integrated digitally controlled capacitor bank. 



ferential stage. 

34. Variable capacitance device according to claim 33, 
characterised by an output of the AD converter be- 

s ing coupled to a gain control input of the amplifica- 
tion means. 

35. Variable capacitance device according to one of 
claims 26 to 34, characterised by a calibration cir- 

10 cuit for measuring absolute spread in the capaci- 
tance values of the n capacitors of the integrated 
digitally controlled capacitor bank being coupled to 
the bitnumber conversion device to adapt said con- 
version to compensate for said absolute spread. 

15 

36. Variable capacitance device according to one of 
claims 29 to 35, characterised by including in a 
common housing first and second look up tables a 
common input thereof being supplied with a control 

so signal and outputs thereof being coupled to first and 
second monoiithicalty Integrated digitally controlled 
capacitor banks for the use thereof in first and sec- 
ond fitter circuits, respectively, the first and second 
look up tables providing for parallel filter tracking. 



30. Variable capacitance device according to claim 26 
or 27, characterised in that the bitnumber conver- 
sion device comprises a microprocessor for execut- 30 
Ing an algorithm forconverting an m bit binary signal 
into an n bit binary signal. 



31. Variable capacitance device according to one of 
claims 1 9 to 30, characterised by a phase locked 35 
loop comprising a controllable oscillator, a continu- 
ous control signal being supplied through an ana- 
logue to digital (AD) converter to said capacitor 
bank and to a first input of a differential stage, an 
output of the AD converter being coupled through a "^o 
digital to analogue (DA) converterto a second input 
of a differential stage, an output of the differential 
stage being coupled to a control tenninal of a vari- 
able capacitance diode being arranged in parallel 
to the capacitor bank. . 45 



32. Variable capacitance device according to claim 31 , 
characterised in that the capacitance variation 
range of the variable capacitance diode corre- 
sponds at least to the capacitance variation step- so 
width of the capacitor bank at an incremental 
change of the output signal of the AD converter. 



33. Variable capacitance device according to claim 31 
or 32, characterised by amplification means pre- 55 
ceding the control terminal of said variable capaci- 
tance diode for amplifying the mutual difference of 
the signals at the. first and second input of the dlf- 
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